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AP. a 56 year old female, is complaining of dyspnea, dry cough, and fatigue for the past week. She 
has no personal history of lung disease or cancer. She is currently taking atorvastatin 20 mg once 
daily, amlodipine 5 mg once daily, ramipril 5 mg once daily, bisoprolol 2.5 mg once daily, and 
nitrofurantoin 50 mg daily. She does not consume any recreational drugs. Her medical history is 
significant for HTN, dyslipidemia and recurrent urinary tract infections. 


Which of the following questions does NOT need to be asked as part of the pharmacist's pharmacotherapy 
work-up? 


Select one: 
Has a chest X-ray been ¥ 2 
completed to confirm Rose Wang (ID: 113212) this answer is correct. There are no 
the diagnose? diagnostic tests (i.e. physical, laboratory) available to verify the 


presence of drug-induced lung disease. 


When did she start taking her medications? % 
Does she take her medications regularly? * 
Has an episode like this occurred to her in the past? * 


Marks for this submission: 1.0/1.0. 


TOPIC: Drug-induced Pulmonary Toxicity 


LEARNING OBJECTIVE: 


To understand the pharmacist's role in assessing whether the symptoms are due to drug-mediated lung 
disease and learn how to conduct a thorough pharmacotherapy work-up. 


BACKGROUND: 


Several drugs have been implicated in causing pulmonary complications (i.e. interstitial inflammation and 
fibrosis, bronchospasm, pulmonary congestion, and pleural effusions). Drug-induced interstitial lung disease 
(DILD) has been associated with cytotoxic drugs, antibiotics, cardiovascular drugs, and immunosuppressive 
agents. The diagnosis is usually made after excluding other causes as there are no unique physical, clinical, 
radiographic, or histological properties of DILD. The mechanism by which certain drugs cause pulmonary 
toxicity is not entirely understood however several reasons have been hypothesized: 


© Some drugs achieve higher cell or tissue concentrations in the lung than in other organs 
* Some drugs undergo bioactivation or metabolism to toxic compounds in the lungs 
* Some drugs may induce oxidative stress or start an immune cascade of inflammatory reactions 


* Some drugs induce direct toxicity and cell injury (e.g. chemotherapeutic agents) 


Drugs may affect the bronchioles, alveoli, pleura, pulmonary vasculature, and/or the neuromuscular system. 
The likelihood of developing pulmonary toxicity secondary to drug use is unpredictable, however, it is higher 
in patients with underlying inflammatory (e.g. rheumatoid arthritis, inflammatory bowel disease) or lung 
diseases, those who receive chemotherapy, and in those taking multiple toxic drugs. Additional risk factors 
include: 

© Extremes of age 

e Genetics 

© Increased drug doses 


* Radiation therapy 


Drugs associated with the development of pulmonary damage are usually administered through the oral or 
IV route: 


e Antimicrobials: nitrofurantoin, sulfamethoxazole, isoniazid 

e Anti-inflammatory drugs: aspirin, non-steroidal anti-inflammatory drugs, sulfasalazine 

œ Biologics and immunosuppressants: methotrexate, etanercept, infliximab, rituximab, TNF-a inhibitors 

e Cardiovascular drugs: angiotensin-converting enzyme inhibitors, amiodarone, beta-blockers, flecainide 


e Chemotherapeutic agents: cyclophosphamide, bleomycin, doxorubicin, gefitinib, vinblastine, 
hydroxyurea, etoposide 
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e Controlled substances: cocaine, methadone, heroin 


e Others: carbamazepine, cabergoline, phenytoin, bromocriptine 


RATIONALE: 
Correct Answer: 


* Has a chest X-ray been completed to confirm the diagnosis? - There are no diagnostic tests (i.e. 
physical, laboratory) available to verify the presence of drug-induced lung disease. 


Incorrect Answers: 


* When did she start taking her medications? - This question seeks to establish if a temporal 
relationship exists between symptom onset and medication use. 


* Does she take her medications regularly? - This question seeks to establish if the particular drug is 
the causative agent especially if it was recently initiated. 


* Has an episode like this occurred to her in the past? - This question seeks to establish the presence 
of a chronic underlying disease process as opposed to a single acute episode. 


TAKEAWAY/KEY POINTS: 


Pharmacists can play a key role in determining whether the symptoms are drug-induced through their 
thorough assessment process. Also, they can collaborate with the physicians on medication decision-making 
and observe if the patient achieves clinical remission upon discontinuation of the particular drug. 


REFERENCE: 


[1] Schwaiblmair M, Behr W, Haeckel T, Markl B, Foerg W, Berghaus T. Drug Induced Interstitial Lung Disease. 
Open Respir Med J. 2012;6:63-74. doi:10.2174/1874306401 206010063. 


The correct answer is: Has a chest X-ray been completed to confirm the diagnosis? 


Which of the following mechanisms has NOT been associated with causing drug-induced pulmonary 
toxicity? 
Select one: 

Drugs may induce oxidative stress * 


Drugs may initiate an immune cascade * 


Drugs may cause direct toxicity or cell injury X 


Drugs mai {v 

induce) © Rose Wang (ID:113212) this answer is correct. This mechanism has not been 
enzymatic associated with the development of drug-induced pulmonary toxicity, as per the 
damage clinical findings. 


Marks for this submission: 1.0/1.0. 


TOPIC: Drug-Induced Pulmonary Toxicity 


LEARNING OBJECTIVE: 


To understand the potential pathological mechanisms associated with causing drug-mediated pulmonary 
toxicity. 


BACKGROUND: 


Several drugs have been implicated in causing pulmonary complications (i.e. interstitial inflammation and 
fibrosis, bronchospasm, pulmonary congestion, and pleural effusions). Drug-induced interstitial lung disease 
(DILD) has been associated with cytotoxic drugs, antibiotics, cardiovascular drugs, and immunosuppressive 
agents. The diagnosis is usually made after excluding other causes as there are no unique physiologic, 
radiographic, or pathologic properties of DILD. The mechanism by which certain drugs cause pulmonary 
toxicity is not entirely understood however several reasons have been hypothesized: 


+ Some drugs achieve higher cell or tissue concentrations in the lung than in other organs 
* Some drugs undergo bivactivation or metabolism to toxic compounds in the lungs 
+ Some drugs may induce oxidative stress or start an immune cascade of inflammatory reactions 


* Some drugs induce direct toxicity and cell injury (e.g. chemotherapeutic agents) 


Drugs may affect the bronchioles, alveoli, pleura, pulmonary vasculature and/or the neuromuscular system. 
The likelihood of developing pulmonary toxicity secondary to drug use is unpredictable, however, it is higher 
in patients with underlying inflammatory (e.g. rheumatoid arthritis, inflammatory bowel disease) or lung 
diseases, those who receive chemotherapy, and in those taking multiple toxic drugs. Additional risk factors 
include: 


e Extremes of age 


e Genetics 


Question 3 
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* Increased drug doses 


* Radiation therapy 


Drugs associated with the development of pulmonary damage are usually administered through the oral or 
IV route: 


e Antibiotics: nitrofurantoin, sulfamethoxazole, isoniazid 


Anti-inflammatory drugs: aspirin, non-steroidal anti-inflammatory drugs, sulfasalazine 


Biologics and immunosuppressants: methotrexate, etanercept, infliximab, rituximab, TNF-a inhibitors 


Cardiovascular drugs: angiotensin-converting enzyme inhibitors, amiodarone, beta-blockers, flecainide 


Chemotherapeutic agents: cyclophosphamide, bleomycin, doxorubicin, gefitinib, vinblastine, 
hydroxyurea, etoposide 


Controlled substances: cocaine, methadone, heroin 


Others: carbamazepine, cabergoline, phenytoin, bromocriptine 


Lung injury can be severe where it can lead to pulmonary fibrosis and impaired gas exchange. Management 
generally involves discontinuation of the offending agent, however, treatment may be provided to relieve the 
pulmonary symptoms. Acute episodes usually resolve within 24-48 hours of drug withdrawal, but chronic 
syndromes may take longer and involve the use of oral corticosteroids, inhalers or supplemental oxygen 
therapy for symptomatic management. Pulmonary function testing may be useful in patients on some of 
these toxic drugs, particularly the chemotherapeutic agents. 


RATIONALE: 
Correct Answer: 


+ Drugs may induce enzymatic damage - This mechanism has not been associated with the 
development of drug-induced pulmonary toxicity, as per the clinical findings. 


Incorrect Answers: 


Drugs may induce oxidative stress - Drugs may induce oxidative stress through the generation of 
reactive oxygen species, which eventually causes cell death. 


Drugs may initiate an immune cascade - Drugs may initiate an immune cascade of inflammatory 
and hypersensitivity reactions, leading to lung damage. 


Drugs may cause direct toxicity or cell injury - Chemotherapeutic agents generally cause direct cell 
toxicity which occurs gradually before manifesting clinically. 


TAKEAWAY/KEY POINTS: 


The mechanism of drug-induced lung disease is not entirely understood. However, there are several 
mechanisms that have been hypothesized, which include oxidative stress, immune-system mediated injury, 
direct toxicity, and metabolism to toxic compounds. 


REFERENCE: 


[1] Schwaiblmair M, Behr W, Haeckel T, Markl B, Foerg W, Berghaus T. Drug Induced Interstitial Lung Disease. 
Open Respir Med J. 2012;6:63-74. doi:10.2174/1874306401 206010063. 


The correct answer is: Drugs may induce enzymatic damage 


Which of the following statements is correct regarding the management of drug-induced pulmonary 
toxicity? 


Select one: 
Routine administration of supplemental oxygen therapy is required to improve breathing * 


The first step should involve initiating a course of oral glucocorticoids to relieve symptoms % 


The primary goals of treatment are to Y 
reduce the inflammation and prevent 
progression to lung fibrosis 


Rose Wang (ID:113212) this answer is 

correct, Management predominantly revolves around 
minimizing inflammation and preventing further 
progression. 


Patients typically do not undergo symptomatic remission after discontinuation of the offending * 
agent 


Marks for this submission: 1.0/1.0. 


TOPIC: Drug-Induced Pulmonary Toxicity 


LEARNING OBJECTIVE: 


To understand the management protocol pertaining to drug-induced pulmonary toxicity in order to relieve 
patients’ symptoms and prevent progression to pulmonary fibrosis, 


Question 4 
1D: 57405 


BACKGROUND: 


Several drugs have been implicated in causing pulmonary complications (i.e. interstitial inflammation and 
fibrosis, bronchospasm, pulmonary congestion, and pleural effusions). Drug-induced interstitial lung disease 
(DILD) has been associated with cytotoxic drugs, antibiotics, cardiovascular drugs, and immunosuppressive 
agents. The diagnosis is usually made after excluding other causes as there are no unique physical, 
radiographic or histological properties of DILD. The mechanism by which certain drugs cause pulmonary 
toxicity is not entirely understood however several reasons have been hypothesized: 

* Some drugs achieve higher cell or tissue concentrations in the lung than in other organs 

* Some drugs undergo bivactivation or metabolism to toxic compounds in the lungs 


* Some drugs may induce oxidative stress or start an immune cascade 


Drugs may affect the bronchioles, alveoli, pleura, pulmonary vasculature, and/or the neuromuscular system. 
The likelihood of developing pulmonary toxicity secondary to drug use is unpredictable, however, it is higher 
in patients with underlying inflammatory (e.g. rheumatoid arthritis, inflammatory bowel disease) or lung 
diseases, those who receive chemotherapy, and in those taking multiple toxic drugs. Additional risk factors 
include: 

e Extremes of age 

© Genetics 

© Increased drug doses 


* Radiation therapy 


Drugs associated with the development of pulmonary damage are usually administered through the oral or 
IV route: 


e Antibiotics: nitrofurantoin, sulfamethoxazole, isoniazid 


Anti-inflammatory drugs: aspirin, non-steroidal anti-inflammatory drugs, sulfasalazine 


Biologics and immunosuppressants: methotrexate, etanercept, infliximab, rituximab, TNF-a inhibitors 


Cardiovascular drugs: angiotensin-converting enzyme inhibitors, amiodarone, beta-blockers, flecainide 


Chemotherapeutic agents: cyclophosphamide, bleomycin, doxorubicin, gefitinib, vinblastine, 
hydroxyurea, etoposide 


Controlled substances: cocaine, methadone, heroin 


Others: carbamazepine, cabergoline, phenytoin, bromocriptine 


Lung injury can be severe where it can lead to pulmonary fibrosis and impaired gas exchange. The primary 
goals of treatment are to reduce inflammation and prevent progression to fibrosis. Management generally 
involves discontinuation of the offending agent, however, treatment may be provided to relieve the 
pulmonary symptoms. Acute episodes usually resolve within 24-48 hours of drug withdrawal, but chronic 
syndromes may take longer and involve the use of oral corticosteroids and/or respiratory inhalers. In cases of 
hypoxemia, supplemental oxygen therapy should be provided, Pulmonary function testing may be useful in 
patients on some of these toxic drugs, particularly the chemotherapeutic agents. 


RATIONALE: 
Correct Answer: 
© The primary goals of treatment are to reduce the inflammation and prevent progression to lung 
fibrosis - Management predominantly revolves around minimizing inflammation and preventing 
further progression. 


Incorrect Answers: 


Routine administration of supplemental oxygen therapy is required to improve breathing - 
Supplemental oxygen therapy should only be provided to patients presenting with hypoxemia. 


The first step should involve initiating a course of oral glucocorticoids to relieve symptoms - 
The first step should involve withdrawal of the offending agent to prevent symptom worsening. 


Patients typically do not undergo symptomatic remission after discontinuation of the offending 
agent - Patients usually undergo remission after drug withdrawal unless they have advanced disease. 


TAKEAWAY/KEY POINTS: 


Symptomatic management of drug-induced lung disease is generally achieved with drug discontinuation, 
especially in acute episodes. However, more advanced states may require the use of oral corticosteroids to 
hasten symptom resolution. 


REFERENCE: 


[1] Schwaiblmair M, Behr W, Haeckel T, Markl B, Foerg W, Berghaus T. Drug Induced Interstitial Lung Disease. 
Open Respir Med J. 2012;6:63-74, doi:10.2174/1874306401206010063. 


The correct answer is: The primary goals of treatment are to reduce the inflammation and prevent 
progression to lung fibrosis 


Which of the following factors does NOT increase the risk of drug-induced lung disease (DILD)? 


Select one: 
Childhood X. 
Genetic polymorphisms X% 
Male $ 3 
ARE Rose Wang (ID:113212) this answer is correct. 


There is no evidence to suggest that gender has any effect on the development of 
DILD. 


Ulcerative colitis * 


Marks for this submission: 1.0/1.0, 


TOPIC: Drug-induced Pulmonary Toxicity 


LEARNING OBJECTIVE: 


To recognize the factors that increase the risk of developing DILD and take extra precautions when 
prescribing implicated drugs in individuals with these risk factors. 


BACKGROUND: 


Several drugs have been implicated in causing pulmonary complications (i.e. interstitial inflammation and 
fibrosis, bronchospasm, pulmonary congestion, and pleural effusions). Drug-induced interstitial lung disease 
(DILD) has been associated with cytotoxic drugs, antibiotics, cardiovascular drugs, and immunosuppressive 
agents. The diagnosis is usually made after excluding other causes as there are no unique physical, 
radiographic, or histological properties of DILD. The mechanism by which certain drugs cause pulmonary 
toxicity is not entirely understood; however, several reasons have been hypothesized: 


© Some drugs achieve higher cell or tissue concentrations in the lung than in other organs. 
* Some drugs undergo bioactivation or metabolism to toxic compounds in the lungs. 


* Some drugs may induce oxidative stress or start an immune cascade. 


Drugs may affect the bronchioles, alveoli, pleura, pulmonary vasculature, and/or the neuromuscular system. 
The likelihood of developing pulmonary toxicity secondary to drug use is unpredictable; however, it is higher 
in patients with underlying inflammatory (i.e, rheumatoid arthritis, inflammatory bowel disease) or lung 
diseases, those who receive chemotherapy, and those taking multiple toxic drugs. Additional risk factors 
include: 

© Extremes of age 

e Genetics 

© Increased drug doses 


* Radiation therapy 


Drugs associated with the development of pulmonary damage are usually administered through the oral or 
IV route: 


e Antibiotics: nitrofurantoin, sulfamethoxazole, isoniazid 
* Anti-inflammatory drugs: aspirin, non-steroidal anti-inflammatory drugs, sulfasalazine 


© Biologics and immunosuppressants: methotrexate, etanercept, infliximab, rituximab, TNF-a inhibitors 


Cardiovascular drugs: angiotensin-converting enzyme inhibitors, amiodarone, beta-blockers, flecainide 


© Chemotherapeutic agents: cyclophosphamide, bleomycin, doxorubicin, gefitinib, vinblastine, 
hydroxyurea, etoposide 


Controlled substances: cocaine, methadone, heroin 


© Others: carbamazepine, cabergoline, phenytoin, bromocriptine 


Lung injury can be severe, leading to pulmonary fibrosis and impaired gas exchange. Management generally 
involves discontinuation of the offending agent, but treatment may be provided to relieve the pulmonary 
symptoms. Acute episodes usually resolve within 24-48 hours of drug withdrawal, but chronic syndromes 
may take longer and involve oral corticosteroids, inhalers, or supplemental oxygen therapy for symptomatic 
management. Pulmonary function testing may be useful in patients on some of these toxic drugs, particularly 
chemotherapeutic agents. 


RATIONALE: 
Correct Answer: 


e Male gender - There is no evidence to suggest that gender has any effect on the development of 
DILD. 


Incorrect Answers: 
* Childhood - Extremes of age (i.e., children, elderly) may increase the risk of developing DILD. 


* Genetic polymorphisms - Genetic polymorphisms may increase the risk of developing DILD. 


Question 5 


ID: 56887 


e Ulcerative colitis - Inflammatory bowel disease may increase the risk of developing DILD. 


TAKEAWAY/KEY POINTS: 


The risk of developing DILD is largely unpredictable; however, it is higher in patients suffering from 
inflammatory or lung conditions, those who are very young or elderly, and in those who receive 
chemotherapy. 


REFERENCE: 


[1] Schwaiblmair M, Behr W, Haeckel T, Markl B, Foerg W, Berghaus T. Drug-Induced Interstitial Lung Disease. 
Open Respir Med J. 2012;6:63-74. doi:10.2174/1874306401 206010063. 


The correct answer is: Male gender 


Which of the following drugs has NOT been implicated in the development of pulmonary toxicity? 


Select one: 
Methotrexate % 
Nitrofurantoin % 
Amiodarone % 
Divalproex Y 


Rose Wang (ID:113212) this answer is correct. Some anti-epileptics have been 
associated with pulmonary toxicity, however not divalproex. 


Mars for this submission: 1.0/1.0. 


TOPIC: Drug-Induced Pulmonary Toxicity 


LEARNING OBJECTIVE: 


To recognize the drugs involved in causing pulmonary toxicity in order to minimize morbidity and mortality 
from drug-induced lung diseases. 


BACKGROUND: 


Several drugs have been implicated in causing pulmonary complications (i.e. interstitial inflammation and 
fibrosis, bronchospasm, pulmonary congestion, and pleural effusions). Drug-induced interstitial lung disease 
(DILD) has been associated with cytotoxic drugs, antibiotics, cardiovascular drugs, and immunosuppressive 
agents. The diagnosis is usually made after excluding other causes as there are no unique physical, 
radiographic or histological properties of DILD. The mechanism by which certain drugs cause pulmonary 
toxicity is not entirely understood however several reasons have been hypothesized: 


* Some drugs achieve higher cell or tissue concentrations in the lung than in other organs 
© Some drugs undergo bioactivation or metabolism to toxic compounds in the lungs 


* Some drugs may induce oxidative stress or start an immune cascade 


Drugs may affect the bronchioles, alveoli, pleura, pulmonary vasculature and/or the neuromuscular system. 
The likelihood of developing pulmonary toxicity secondary to drug use is unpredictable, however, it is higher 
in patients with underlying inflammatory (i.e. rheumatoid arthritis, inflammatory bowel disease) or lung 
diseases, those who receive chemotherapy, and in those taking multiple toxic drugs. Additional risk factors 
include: 

* Extremes of age 

* Genetics 

© Increased drug doses 


* Radiation therapy 


Drugs associated with the development of pulmonary damage are usually administered through the oral or 
IV route: 


Antibiotics: nitrofurantoin, sulfamethoxazole, isoniazid 


Anti-inflammatory drugs: aspirin, non-steroidal anti-inflammatory drugs, sulfasalazine 


* Biologics and immunosuppressants: methotrexate, etanercept, infliximab, rituximab, TNF-a inhibitors 


Cardiovascular drugs: angiotensin-converting enzyme inhibitors, amiodarone, beta-blockers, flecainide 


* Chemotherapeutic agents: cyclophosphamide, bleomycin, doxorubicin, gefitinib, vinblastine, 
hydroxyurea, etoposide 


Controlled substances: cocaine, methadone, heroin 


* Others: carbamazepine, cabergoline, phenytoin, bromocriptine 


Lung injury can be severe where it can lead to pulmonary fibrosis and impaired gas exchange. Management 
generally involves discontinuation of the offending agent, however, treatment may be provided to relieve the 
pulmonary symptoms. Acute episodes usually resolve within 24-48 hours of drug withdrawal, but chronic 
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therapy for symptomatic management. Pulmonary function testing may be useful in patients on some of 
these toxic drugs, particularly the chemotherapeutic agents. 


RATIONALE: 


Correct Answer: 


ivalproex - Some anti-epileptics have been associated with pulmonary toxicity, however not 
divalproex. 


Incorrect Answers: 
e Methotrexate - Immunosuppressants have been implicated in causing pulmonary toxicity. 
* Nitrofurantoin - Some antibiotics have been implicated in causing pulmonary toxicity. 


* Amiodarone - Amiodarone and flecainide have been implicated in causing pulmonary toxicity. 


TAKEAWAY/KEY POINTS: 


The inability to recognize that lung disease may be drug-mediated can lead to significant morbidity and 
mortality. Thus, it is important for healthcare professionals to keep in mind that drug-induced lung disease is 
a possibility especially if all other causes have been ruled out, and provide early supportive care. 


REFERENCE: 


[1] Schwaiblmair M, Behr W, Haeckel T, Markl B, Foerg W, Berghaus T. Drug Induced Interstitial Lung Disease. 
Open Respir Med J. 2012;6:63-74. doi:10.2174/1874306401206010063. 


The correct answer is: Divalproex 
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